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1
PROPELLER SHAFT AND YOKE
STRUCTURE OF UNIVERSAL JOINT USED
FOR THE PROPELLER SHAFT

BACKGROUND OF THE INVENTION

The present invention relates to a propeller shaft, for
instance, for a vehicle, and also relates to a yoke structure of
a universal joint used for the propeller shaft.

As arelated art propeller shaft, Japanese Patent Provisional
Publication No. 2008-208919 (hereinafter is referred to as
“JP2008-208919”) discloses the propeller shaft.

As is known in the art, this propeller shaft is a propeller
shaft that transmits a driving force of an engine, which is
outputted from a transmission mounted on a front side of a
vehicle, to a differential gear mounted on a rear side of the
vehicle. The propeller shaft and the transmission are coupled
together by the fact that a yoke of a universal joint provided at
a front end portion of the propeller shaft and a connecting
member provided at a top end portion of an output shaft of the
transmission are connected by tightening of bolt and nut.

The yoke has a substantially rectangular mounting flange
in which four bolt insertion holes are formed at four corners
and has a pair of yoke portions having a bifurcated shape
which protrude from one side surface of the mounting flange.
On the other hand, the connecting member has a substantially
circular flange portion that is made abut on or touches the
mounting flange from an axial direction. Four bolts, e.g. four
stud bolts, which are inserted into the four bolt insertion holes
are fixed to this flange portion at four points in a circumfer-
ential direction of the flange portion. The yoke of the propel-
ler shaft and the connecting member of the output shaft of the
transmission are connected, through the mounting flange of
the yoke and the flange portion of the connecting member, by
screwing the nut onto the stud bolt and tightening it using a
turning tool (a tightening tool), e.g. a socket wrench.

SUMMARY OF THE INVENTION

Inrecentyears, weight reduction and commonality of com-
ponents have been achieved, also sizes of the transmission
and the differential gear, which each of both ends of the
propeller shaft is connected to, have been reduced. In
response to this trend, each bolt circle diameter of the mount-
ing flange at the propeller shaft side and the flange portion of
the connecting member at the transmission side, namely a
circle diameter of the stud bolt and a circle diameter of the
bolt insertion hole, become smaller.

Because of this size reduction of the bolt circle diameter, a
fixing position of each stud bolt and a forming position of
each bolt insertion hole are shifted to an axial center of the
yoke, and a gap or clearance between the nut and a side
surface of the yoke portion is limited or restrained. Then,
when inserting the socket wrench onto the nut, the socket
wrench interferes with the side surface of the yoke portion,
thus this causes difficulty in inserting or fitting the socket
wrench to the gap.

Further, even if the socket wrench can be inserted or fitted
to the gap, since the socket wrench requires pulling out lin-
early along along length of an axial direction of the bolt when
detaching the socket wrench, the detaching work is also dif-
ficult. These difficulties in inserting and detaching the socket
wrench result in efficiency and workability of a connecting
work (fastening or tightening work) of the propeller shaft
decreasing.

It is therefore an object of the present invention to provide
apropeller shaft and a yoke structure of a universal joint used
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2

for the propeller shaft which are capable of increasing effi-
ciency and workability of a connecting work of the propeller
shaft.

According to one aspect of the present invention, a propel-
ler shaft comprises: a first yoke having; (a) a fixing portion
fixed to a shaft part; (b) a pair of first yoke portions having a
bifurcated shape that extends from one end portion of the
fixing portion in an axial direction; and (c) a first bearing hole
formed at a top end portion of each first yoke portion and
securing therein a first bearing that holds a cruciform shaft; a
second yoke coupled to the first yoke through the cruciform
shaft and secured to a predetermined member, the second
yoke having; (d) a mounting flange; and (e) a bolt insertion
hole formed at the mounting flange, a bolt to secure the
second yoketo the predetermined member being inserted into
the bolt insertion hole; and a securing member securing the
mounting flange of the second yoke to the predetermined
member through the bolt by a fastening tool, and a first
concave portion to slide thereon an outer circumferential
surface of the fastening tool is provided at each first yoke
portion.

According to another aspect of the present invention, a
propeller shaft comprises: a ball yoke having; (a) a cylinder
portion whose one end is fixed to a shaft part; (b) a pair of first
yoke portions having a bifurcated shape that extends from one
end portion of the cylinder portion in an axial direction, each
first yoke portion being provided at a top end portion thereof
with a bearing hole securing a bearing that holds a cruciform
shaft; a flange yoke coupled to the ball yoke through the
cruciform shaft and secured to a predetermined member, the
flange yoke having; (c) a flange; and (d) a bolt insertion hole
formed at the flange, a bolt to secure the flange yoke to the
predetermined member being inserted into the bolt insertion
hole; and a nut screwed onto the bolt from a flange yoke side
by a fastening tool, and a first concave portion to slide thereon
an outer circumferential surface of the fastening tool is pro-
vided at a side surface of each first yoke portion along an axial
direction of the bolt inserted into the bolt insertion hole.

According to a further aspect of the invention, a yoke
structure of a universal joint comprises: a fixing portion fixed
to a shaft part of a propeller shaft; a pair of bifurcated yoke
portions extending from the fixing portion in an axial direc-
tion; and a bearing hole formed at each yoke portion and
securing therein a bearing that holds a cruciform shaft, and
the yoke portion is provided with a concave portion that
suppresses an interference of an outer circumferential surface
of'a fastening tool that fastens a nut and a bolt for securing the
propeller shaft to a connecting member on a vehicle side with
a side surface of the yoke portion.

According to the present invention, especially when
detaching or pulling out the fastening tool from the securing
member after fastening the securing member, the interference
of the outer circumferential surface of the fastening tool with
the side surface of the first yoke portion can be suppressed.

The other objects and features of this invention will
become understood from the following description with ref-
erence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is general view of a propeller shaft of the present
invention.

FIG. 2 is a perspective view of a first universal joint accord-
ing to a first embodiment of the present invention.

FIG. 3 is a front view of a yoke according to the first
embodiment.
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FIG. 4 is a perspective view for explaining a connecting
work of'the propeller shaft according to the first embodiment.
FIG. 5 is a perspective view for explaining the connecting
work of'the propeller shaft according to the first embodiment.

FIG. 6 is a side view for explaining the connecting work of
the propeller shaft according to the first embodiment.

FIG. 7 is a side view for explaining the connecting work of
the propeller shaft according to the first embodiment.

FIG. 8 is an enlarged view of a main part of A in FIG. 7 for
explaining the connecting work of the propeller shaft accord-
ing to the first embodiment.

FIG. 9 is a front view of a second yoke according to a
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of a propeller shaft and a yoke structure of a
universal joint used for the propeller shaft of the present
invention will be explained below with reference to the draw-
ings. In the embodiments, the propeller shaft is applied to a
vehicle.

First Embodiment

As shown in FIG. 1, a propeller shaft 1 has a structure in
which a first shaft part 2 on a vehicle front side and a second
shaft part 3 on a vehicle rear side are coupled together through
a constant velocity universal joint 4 provided at a front end
portion of the second shaft part 3.

This propeller shaft 1 is coupled to an output shaft of a
transmission (not shown) through a first universal joint 5
provided at a front end portion of the first shaft part 2. On the
other hand, the propeller shaft 1 is coupled to an input shaft of
a differential gear (not shown) through a second universal
joint 6 provided at a rear end portion of the second shaft part
3, and is set s0 as to be able to wobble or rock in up-and-down
directions and right-and-left directions of the vehicle.

The propeller shaft 1 is rotatably supported by a center
bearing 7 provided between the first shaft part 2 and the
constant velocity universal joint 4. Further, the propeller shaft
1 is supported and fixed to a floor bottom of the vehicle
through a supporting member 8 that is secured to the center
bearing 7. General bending or flexure of the propeller shaft 1
is suppressed by such a supporting and fixing structure.

The first universal joint 5 and the second universal joint 6
are a so-called cruciform universal joint. Although shapes of
these first and second universal joints 5 and 6 connecting to
the transmission at a front side of the propeller shaft 1 and the
differential gear at a rear side of the propeller shaft 1 respec-
tively are slightly different from each other, their basic struc-
tures are the same. Thus, in the following description, only the
first universal joint 5 will be explained in detail.

As shown in FIG. 2, the first universal joint 5 mainly has a
ball yoke 9 that is a first yoke fixed to the front end portion of
the first shaft part 2, a flange yoke 10 that is a second yoke
coupled to the output shaft of the transmission through a
connecting member 11 (described later) and a cruciform shaft
12 that is installed between the yokes 9 and 10 and rockably
supports these yokes 9 and 10 in the in up-and-down and
right-and-left directions.

As can be seen in FIG. 2, the ball yoke 9 is formed by a
cylinder portion 9a having a substantially same diameter as a
front edge of the first shaft part 2 and a pair of first yoke
portions 95, 96 formed integrally with a top end of the cylin-
der portion 9a and having a bifurcated shape which protrude
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or extend along an axial direction. These cylinder portion 9a
and first yoke portions 95, 95 are formed as a single-piece
component by casting.

The cylinder portion 9« is joined to the first shaft part 2
from the axial direction through friction welding of a rear end
portion 9¢ and the front end portion of the first shaft part 2.

Each of the first yoke portions 95, 95 is provided at both
side surfaces thereof with a first depressed portion 13 that is a
first hollow portion (or a first concave portion). This first
depressed portion 13 is formed into an arc-shaped groove in
cross section which is substantially same as an arc shape of an
outer circumferential surface 194 (described later) of a socket
wrench 19. Further, the first depressed portion 13 extends
from a front end portion side of each first yoke portion 9bup
to an almost middle position in the axial direction on an outer
circumferential surface of the cylinder portion 9a. More spe-
cifically, as seen in FIG. 2, the first depressed portion 13 is
formed so as to gradually spread (so as to gradually become
wider) from a top end portion 13a at the front end side of the
first yoke portion 95 up to a rear end portion 135 at the
cylinder portion 9a side. A depth of the groove is formed so as
to gradually become deeper from the top end portion 13a side
according to a reverse taper angle of both side surfaces of the
first yoke portion 95, and a middle position in a width direc-
tion of the groove is deepest.

Further, as shown also in FIG. 8, a rear edge of the rear end
portion 135 at the cylinder portion 9a side, of the first
depressed portion 13 is shaped into an inclined surface 13¢
having a reverse tapered shape which rises toward the outer
circumferential surface of the cylinder portion 9a.

The inclined surface 13¢ (A circumferential direction of
the inclined surface 13¢) is formed so as to face toward the
first yoke portion 95 in order for the outer circumferential
surface 194 of the socket wrench 19 to escape (in order for the
outer circumferential surface 194 of the socket wrench 19 to
slide on the inclined surface 13¢).

Each of the first yoke portions 95, 95 is provided at a top
end side thereof with a first bearing hole 94 that penetrates the
first yoke portion 95 from an inner peripheral surface toward
an outer peripheral surface of the first yoke portion 95 and
opens in a radial direction. Then, a first bearing 124 that holds
the cruciform shaft 12 is set inside the first bearing hole 94.
That is, the cruciform shaft 12 is held by two first bearings
124, 12a set at the U-shaped top end side of the first yoke
portions 95, 95.

On the other hand, as for the flange yoke 10, as shown in
FIG. 2, in the same way as the ball yoke 9, the flange yoke 10
is formed as a single-piece component by casting. The flange
yoke 10 has a mounting flange 104 and a pair of second yoke
portions 105, 106 formed integrally with a top end of the
mounting flange 10a and having a bifurcated shape which
protrude or extend along an axial direction. Each of the sec-
ond yoke portions 105, 105 is provided at a front side thereof
with a second bearing hole 10c¢ that penetrates the second
yoke portion 105 from an inner peripheral surface toward an
outer peripheral surface of the second yoke portion 106 and
opens in a radial direction. Then, a second bearing 125 that
holds the cruciform shaft 12 is set inside the second bearing
hole 10c. That is, the cruciform shaft 12 is held by two second
bearings 125, 125 set at the U-shaped front side of the second
yoke portions 1056, 105.

Inthe same way as the first yoke portions 95, 95, each of the
second yoke portions 105, 105 is provided at both side sur-
faces thereof with a second depressed portion 14 that is a
second hollow portion (or a second concave portion). This
second depressed portion 14 is formed into an arc-shaped
groove in cross section which is substantially same as an arc
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shape of an outer peripheral edge of a nut seating surface 154
(described later) (which is substantially same as the arc shape
of'the outer circumferential surface 194 of the socket wrench
19). Further, the second depressed portion 14 is formed along
the axial direction from a front end portion of each second
yoke portion 105 up to a position where the second depressed
portion 14 faces the nut seating surface 15a4. More specifi-
cally, as seen in FIG. 2, the second depressed portion 14 is
formed so as to gradually spread (so as to gradually become
wider) from a top end portion 14a at the front side of the
second yoke portion 105 up to a rear end portion 145. A depth
of'the groove is formed so as to gradually become deeper from
the top end portion 14a side according to a reverse taper angle
of both side surfaces of the second yoke portion 105, and a
middle position in a width direction of the groove is deepest.

As shown in FIGS. 2 and 3, the flange yoke 10 has an
almost rectangular shape, and is provided at four corners
thereof with arc-shaped boss portions 15. Further, four bolt
insertion holes 16 are formed in the middle of the respective
boss portions 15, then a stud bolt 17 (described later) is
inserted into this bolt insertion hole 16.

On one side surface of the boss portion 15 which faces the
ball yoke 9, the flat nut seating surface 154 on which a nut 18
(asecuring member, described later) is seated is formed. This
nut seating surface 15a is formed so that the second depressed
portion 14 faces the nut seating surface 15a.

On the other hand, on a back surface of the flange yoke 10,
as shown in FIG. 1, a substantially ring-shaped annular pro-
trusion 104 that is fitted in a ring groove (not shown) of a
mounting plate 115 (described later) formed at the connecting
member 11 is provided. By this fitting of the annular protru-
sion 104 and the ring groove of the mounting plate 115,
positioning when connecting the flange yoke 10 and the con-
necting member 11 is made.

The connecting member 11 has a substantially cylindrical
shape as seen in FIG. 2. The connecting member 11 has a
cylinder shaft portion 11« that connects to the output shaft of
the transmission, the disk-shaped mounting plate 115 that is
formed integrally with the cylinder shaft portion 11a atan end
of the cylinder shaft portion 11a opposite to the flange yoke
10 and the four stud bolts 17 that protrude from a front end
surface, on the flange yoke 10 side, of the mounting plate 114.

The stud bolt 17 is previously fixed to four corner positions
close to an outer circumferential edge of the mounting plate
115. The mounting flange 10a and the mounting plate 116 are
joined together by screwing the nut 18 onto the stud bolt 17
from a top side of a shaft portion of the stud bolt 17.

The socket wrench 19 as a turning tool (a tightening or
fastening tool) to turn and tighten the nut 18 is formed, as
shown in FIGS. 5 and 8, by a socket part 19« at a top side and
a relatively long rod handle 19¢ rotatably connected to a rear
end of the socket part 194 through a pivot pin 195. The socket
part 19a is cylindrical in shape, and its top end inside has a
hexagonal surface that is fitted onto the nut 18.

Here, regarding the propeller shaft 1, each element or com-
ponent of the propeller shaft 1 is previously assembled before
the propeller shaft 1 is connected to the transmission etc.
mounted on the vehicle, then finally the propeller shaft 1 is
connected to the transmission and the differential gear.

[Method of Connecting Propeller Shaft and Transmission]

As aconnecting method, as shown in FIG. 4, first, each stud
bolt 17 of the mounting plate 115 is inserted into the bolt
insertion hole 16 of the mounting flange 10a. Next, the nut 18
is screwed onto each stud bolt 17 by hand for temporal fixing
until the nut 18 reaches and touches the nut seating surface
15a.
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Subsequently, as shown in FIGS. 5 and 6, the socket part
19a of the socket wrench 19 is inserted and fitted onto the nut
18 screwed onto the stud bolt 17 from the top side of the stud
bolt 17, and the top end of the socket part 19a is fitted onto the
nut 18. At this time, the socket part 194 is inserted along the
stud bolt 17 using the first and second depressed portions 13
and 14 of the first and second yoke portions 95 and 105. That
is, using a relatively large gap or clearance formed between
inner surfaces of the arc-shaped grooves of the first and sec-
ond depressed portions 13 and 14 and an outer peripheral
surface of the stud bolt 17, the socket part 19a can be
smoothly inserted.

Next, the socket wrench 19 is turned with the rod handle
19¢ rotated up to about 90° through the pivot pin 195, then the
nut 18 is tightened with a required or specified torque.

After tightening, the socket wrench 19 is pulled out in a
direction of an arrow shown in FIGS. 7 and 8, namely, pulled
out linearly along an axial direction of the stud bolt 17, and the
socket part 194 is removed or separated from the nut 18. That
is, the rod handle 19¢ is returned to the same axis as the socket
part 19a through the pivot pin 196 and is pulled up linearly. At
this time, since the socket part 194 and the rod handle 19¢ can
be pulled out along the inner surfaces of the arc-shaped
grooves of the first and second depressed portions 13 and 14,
the socket wrench 19 can be smoothly pulled out or detached
without interfering with any side surface of the first and
second yoke portions 95 and 105.

Especially when the socket wrench 19 can not easily be
detached from the nut 18 due to the fact that the inside hex-
agonal surface of the socket part 19« is jammed onto or
engaged with a hexagonal surface of the nut 18 after tighten-
ing the nut 18 with the specified torque, this structure is
effective in the event that the whole socket wrench 19 is
pulled up in a vertically upward direction while being pulled
out along a long length of the axial direction of the stud bolt
17.

Afterwards, likewise, the socket wrench 19 can easily be
inserted and fitted onto and detached from the other three nuts
18. The method described above facilitates a connecting work
(or a tightening work) of the mounting flange 10a on the
propeller shaft 1 side and the mounting plate 116 on the
transmission side. Efficiency and workability of the connect-
ing work can be therefore increased.

As for the connection between the propeller shaft 1 and the
differential gear, since it is done by the same connecting
method, its explanation will be omitted here.

As explained above, according to the present embodiment,
since the first and second depressed portions 13 and 14
formed on the both side surfaces of the first and second yoke
portions 95 and 105 can be used as an escape groove (or a
sliding groove) when inserting and detaching the socket
wrench 19, it is possible to suppress the interference of the
socket wrench 19 with the both side surfaces of the first and
second yoke portions 956 and 105, thereby allowing the
smooth inserting and detaching work of the socket part 19a.

Further, since the first and second depressed portions 13
and 14 have the arc-shaped groove which is substantially
same as the arc shape of the outer circumferential surface 194
of the socket part 19a, when inserting and detaching the
socket part 19a of the socket wrench 19, the first and second
depressed portions 13 and 14 serve as a guiding portion for
the socket wrench 19. Thus the smooth inserting and detach-
ing work can be achieved.

Furthermore, since the first depressed portion 13 has the
inclined surface 13¢ having the reverse tapered shape from a
front edge of the cylinder portion 9a toward the middle posi-
tion in the axial direction on the outer circumferential surface
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of'the cylinder portion 9a, when detaching the socket part 194
of the socket wrench 19 from the nut 18, the inclined surface
13¢ serves as a guiding portion that guides the socket wrench
19 in a pulling-out direction. Thus the smooth detaching work
can be achieved.

Moreover, since the reverse tapered-shaped inclined sur-
face 13¢ located at the rear edge of the rear end portion 135 of
the first depressed portion 13 rises toward the outer circum-
ferential surface of the cylinder portion 94, the interference of
the socket wrench 19 with the cylinder portion 9a¢ when
pulling out the socket wrench 19 is avoided. It is therefore
possible to decrease a stress concentration that applies to the
cylinder portion 9a by the socket wrench 19.

In addition, since the second depressed portion 14 is
formed along the axial direction from the front end portion of
each second yoke portion 105 up to the position where the
second depressed portion 14 faces the nut seating surface 154,
a long space on the inner surface side of the second depressed
portion 14 can be secured in the axial direction. Thus, when
inserting the socket wrench 19 along the stud bolt 17, inter-
ference of the socket wrench 19 with the both side surfaces of
the second depressed portion 14 can be further suppressed.

Second Embodiment

FIG. 9 shows a second embodiment. In the second embodi-
ment, a pitch distance between the bolt insertion holes 16
formed at the mounting flange 10a is changed. That is, a
central angle formed by two positions of the adjoining two
bolt insertion holes 16 and 16 that sandwich the second yoke
portion 105 (i.e. a central angle formed by two positions of the
adjoining two bolt insertion holes 16 and 16 that are placed on
opposite sides of the second yoke portion 105) is set to 100°,
and a central angle formed by two positions of the adjoining
two bolt insertion holes 16 and 16 that sandwich no second
yoke portion 105 is set to 80°.

Thus, according to the present embodiment, the present
invention can be applied also to the mounting flange 10a
where the bolt insertion holes 16 are not arranged uniformly.

Since the other structure of the second embodiment is the
same as that of the first embodiment, the same effects as the
first embodiment can be obtained.

The position and distance (or interval) of the bolt insertion
holes 16 could be changed to an arbitrary numerical value. In
some cases, each position of the boss portion 15 formed at the
mounting flange 10a of the second yoke 10 (the flange yoke
10), i.e. each position of the bolt insertion hole 16, is separate
from each of the both side surfaces of the second yoke portion
105. In this case, since the interference of the socket part 194
of the socket wrench 19 with the both side surfaces can be
avoided, there is no need to form the second depressed portion
14 at the second yoke 10.

Further, although the stud bolt 17 is used when connecting
the mounting flange 10a and the mounting plate 115, a com-
monly-used bolt could be used.

The present invention is not limited to the embodiments
described above, and the above embodiments can be modi-
fied.

From the foregoing, the present invention includes the
following structure of the propeller shaft and the yoke struc-
ture of the universal joint used for the propeller shaft, and has
the following effects.

(a) In the propeller shaft of the present invention, the second
yoke has a pair of second yoke portions having a bifurcated
shape that extends from the mounting flange toward the
first yoke in the axial direction, a securing member seating
surface corresponding to a size of the securing member is
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formed around the bolt insertion hole of the mounting

flange, and a second concave portion is provided at each

second yoke portion so that the securing member seating
surface is visible from a front end side of the second yoke
portion.

According to the present invention, since the second con-
cave portion of the arc-shaped groove is formed at the second
yoke portion, when inserting and detaching the fastening tool,
the fastening tool does not interfere with the second yoke
portion, then the efficiency and workability of the connecting
work can be increased.

(b) In the propeller shaft, the mounting flange is provided
with four bolt insertion holes at a predetermined pitch
distance, and the second concave portion is formed at both
side surfaces of the second yoke portion, and is shaped into
an arc-shaped groove in cross section that extends in a
longitudinal direction of the second yoke portion.
According to the present invention, even though the second

concave portion is formed at both side surfaces of the second

yoke portion, when the cruciform shaft is set into the bearing
hole, this structure does not interfere with the cruciform shaft
setting work.

(c) In the propeller shaft, the bolt insertion hole is arranged in
a position corresponding to a position of the second con-
cave portion formed at the both side surfaces of the second
yoke portion, and the second concave portion is formed so
that a substantially middle in a width direction of the sec-
ond concave portion is deepest.

According to the present invention, a strength in a side
surface direction of the second yoke portion can be kept
uniform.

(d) In the propeller shaft, the four bolt insertion holes are
arranged so as to form two predetermined central angles,
and a first two of the four bolt insertion holes are arranged
in positions that sandwich one of the pair of second yoke
portions at a predetermined distance, and a second two of
the four bolt insertion holes are arranged in positions that
sandwich the other of the pair of second yoke portions with
the second two bolt insertion holes spaced a distance that is
smaller than the predetermined distance apart from the first
two bolt insertion holes, and the second concave portion is
formed in a thickness direction of the side surface that is
continuously formed on opposing surfaces of the second
yoke portion.

According to the present invention, this structure can be
applied also to the mounting flange where the bolt insertion
holes are not arranged uniformly.

(e) In the propeller shaft, the outer circumferential surface of
the fastening tool is cylindrical in shape, and the first con-
cave portion is formed into a shape corresponding to the
outer circumferential surface of the fastening tool.
According to the present invention, since the first concave

portion is formed into the same shape as an outside shape of

the fastening tool, even if the fastening tool touches the first
concave portion when inserting and detaching the fastening
tool, the fastening tool is guided by the first concave portion,
then the fastening tool can be inserted and detached smoothly.

(®) In the propeller shaft, the fixing portion is formed by a
cylinder portion, and the first concave portion is formed
from a front end side of the first yoke portion to a substan-
tially middle position in the axial direction on an outer
circumferential surface of the cylinder portion.
According to the present invention, since the first concave

portion is formed from the front end side of the first yoke

portion to the substantially middle position in the axial direc-
tion on the outer circumferential surface of the cylinder por-
tion, an area or a space of the first concave portion can be
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widely secured in the axial direction. It is therefore possible to

suppress the interference of the fastening tool with the first

yoke portion when detaching the fastening tool.

(g) In the propeller shaft, the first concave portion is formed
so that a depth of the first concave portion gradually
becomes deeper up to a predetermined depth from a front
end side of the first yoke portion, and a rear end portion of
the first concave portion is shaped into an inclined surface
having a reverse tapered shape.

According to the present invention, since the rear end por-
tion of the first concave portion is shaped into the inclined
surface, the interference of the socket wrench is avoided when
detaching the socket wrench, then a stress concentration
applying to the rear end portion of the first concave portion by
the socket wrench can be decreased.

(h) In the propeller shaft, the inclined surface is a guiding
portion when detaching the fastening tool from the nut.
According to the present invention, since the rear end por-

tion of the first concave portion is shaped into the inclined
surface, even if the fastening tool touches the first concave
portion when detaching the fastening tool, the fastening tool
is guided by the first concave portion, then the fastening tool
can be detached smoothly.

(1) In the propeller shaft, the first concave portion is formed
from a front end portion of the first yoke portion to a
substantially middle position in the axial direction on an
outer circumferential surface of the cylinder portion.
According to the present invention, since the first concave

portion is formed from the front end portion of the first yoke
portion to the substantially middle position in the axial direc-
tion on the outer circumferential surface of the cylinder por-
tion, an area or a space of the first concave portion can be
widely secured in the axial direction. It is therefore possible to
suppress the interference of the fastening tool with the first
yoke portion when detaching the fastening tool.

(j) In the propeller shaft, the flange yoke has a pair of second
yoke portions having a bifurcated shape that extends from
the flange toward the ball yoke in the axial direction, a nut
seating surface is formed around the bolt insertion hole of
the flange, and a second concave portion is provided at each
second yoke portion so that the nut seating surface is vis-
ible from a front end side of the second yoke portion.

(k) In the propeller shaft, the flange is provided with four bolt
insertion holes at a predetermined pitch distance, and the
second concave portion is formed by a concave groove that
extends in the axial direction on both side surfaces of the
second yoke portion.

(1) In the yoke structure of the universal joint, the fixing
portion is formed by a cylinder portion, and the concave
portion is formed from a front end side of the yoke portion
to a substantially middle position in the axial direction on
an outer circumferential surface of the cylinder portion.
According to the present invention, since the first concave

portion is formed from the front end portion of the first yoke
portion to the substantially middle position in the axial direc-
tion on the outer circumferential surface of the cylinder por-
tion, an area or a space of the first concave portion can be
widely secured in the axial direction. It is therefore possible to
suppress the interference of the fastening tool with the first
yoke portion when detaching the fastening tool.

(m) In the yoke structure of the universal joint, the concave
portion is formed so that a depth of the concave portion
gradually becomes deeper up to a predetermined depth
from a front end side of the yoke portion, and a rear end
portion of the concave portion is shaped into an inclined
surface having a reverse tapered shape.
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According to the present invention, since the rear end por-
tion of the first concave portion is shaped into the inclined
surface, the interference ofthe socket wrench is avoided when
detaching the socket wrench, then a stress concentration
applying to the rear end portion of the first concave portion by
the socket wrench can be decreased.

(n) In the yoke structure of the universal joint, the inclined
surface is a guiding portion when detaching the fastening
tool from the nut.

According to the present invention, since the rear end por-
tion of the first concave portion is shaped into the inclined
surface, even if the fastening tool touches the first concave
portion when detaching the fastening tool, the fastening tool
is guided by the first concave portion, then the fastening tool
can be detached smoothly.

The entire contents of Japanese Patent Application No.
2013-112667 filed on May 29, 2013 are incorporated herein
by reference.

Although the invention has been described above by refer-
ence to certain embodiments of the invention, the invention is
not limited to the embodiments described above. Modifica-
tions and variations of the embodiments described above will
occur to those skilled in the art in light of the above teachings.
The scope of the invention is defined with reference to the
following claims.

What is claimed is:

1. A propeller shaft comprising:

a first yoke having;

(a) a fixing portion fixed to a shaft part;

(b) a pair of first yoke portions having a bifurcated shape
that extends from one end portion of the fixing portion in
an axial direction; and

(c) a first bearing hole formed at a top end portion of each
first yoke portion and securing therein a first bearing that
holds a cruciform shatt;

a second yoke coupled to the first yoke through the cruci-
form shaft and secured to a predetermined member, the
second yoke having;

(d) a mounting flange; and

(e) a bolt insertion hole formed at the mounting flange, a
bolt to secure the second yoke to the predetermined
member being inserted into the bolt insertion hole; and

a securing member securing the mounting flange of the
second yoke to the predetermined member through the
bolt, and

a first concave portion that is shaped to accommodate
thereon an outer circumferential surface of a fastening
tool, the first concave portion being formed on each first
yoke portion, wherein
the first concave portion has a shape that opens radially

outward,

the second yoke has a pair of second yoke portions
having a bifurcated shape that extends from the
mounting flange toward the first yoke in the axial
direction,

a securing member seating surface corresponding to a
size of the securing member is formed around the bolt
insertion hole of the mounting flange, and

a second concave portion is provided at each second
yoke portion so that the securing member seating
surface is visible from a front end side of the second
yoke portion.

2. The propeller shaft as claimed in claim 1, wherein:

the first concave portion is formed from a front end side of
the first yoke portion to the fixing portion along the axial
direction and has a predetermined depth, and a rear end
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portion, on a fixing portion side, of the first concave
portion is shaped into an inclined surface having a
reverse tapered shape.

3. The propeller shaft as claimed in claim 2, wherein:

the inclined surface is a guiding portion when detaching the
fastening tool from the securing member.

4. The propeller shaft as claimed in claim 1, wherein:

the mounting flange is provided with four bolt insertion
holes at a predetermined pitch distance, and

the second concave portion is formed at both side surfaces
of the second yoke portion, and is shaped into an arc-
shaped groove in cross section that extends in a longitu-
dinal direction of the second yoke portion.

5. The propeller shaft as claimed in claim 4, wherein:

the bolt insertion hole is arranged in a position correspond-
ing to a position of the second concave portion formed at
the both side surfaces of the second yoke portion, and

the second concave portion is formed so that a substantially
middle position in a width direction of the second con-
cave portion is deepest.

6. The propeller shaft as claimed in claim 4, wherein:

the four bolt insertion holes are arranged so as to form two
predetermined central angles, and

a first two of the four bolt insertion holes are arranged in
positions that sandwich one of the pair of second yoke
portions at a predetermined distance, and a second two
of'the four bolt insertion holes are arranged in positions
that sandwich the other of the pair of second yoke por-
tions with the second two bolt insertion holes spaced a
distance that is smaller than the predetermined distance
apart from the first two bolt insertion holes, and

the second concave portion is formed in a thickness direc-
tion of the side surface that is continuously formed on
opposing surfaces of the second yoke portion.

7. The propeller shaft as claimed in claim 1, wherein:

the first concave portion is formed into a shape correspond-
ing to the outer circumferential surface of the fastening
tool.

8. The propeller shaft as claimed in claim 1, wherein:

the fixing portion is formed by a cylinder portion, and

the first concave portion is formed from a front end side of
the first yoke portion to a substantially middle position
in the axial direction on an outer circumferential surface
of the cylinder portion.

9. A propeller shaft comprising:

a ball yoke having;

(a) acylinder portion whose one end is fixed to a shaft part;

(b) a pair of first yoke portions having a bifurcated shape
that extends from one end portion of the cylinder portion
in an axial direction, each first yoke portion being pro-
vided at a top end portion thereof with a bearing hole
securing a bearing that holds a cruciform shaft;

a flange yoke coupled to the ball yoke through the cruci-
form shaft and secured to a predetermined member, the
flange yoke having;

(c) a flange; and

(d) a bolt insertion hole formed at the flange, a bolt to
secure the flange yoke to the predetermined member
being inserted into the bolt insertion hole; and

a nut screwed onto the bolt from a flange yoke side, and

a first concave portion that is shaped to accommodate
thereon an outer circumferential surface of a fastening
tool, the first concave portion being formed on a side
surface of each first yoke portion along an axial direction
of the bolt inserted into the bolt insertion hole, wherein
the first concave portion has a shape that opens radially

outward from the propeller shaft,

20

25

40

45

60

12

the first concave portion is formed so that a depth of the
first concave portion gradually becomes deeper up to
apredetermined depth from a front end side of the first
yoke portion, and a rear end portion of the first con-
cave portion is shaped into an inclined surface having
a reverse tapered shape,

the inclined surface is a guiding portion when detaching
the fastening tool from the nut,

the first concave portion is formed from a front end
portion of the first yoke portion to a substantially
middle position in the axial direction on an outer
circumferential surface of the cylinder portion,

the flange yoke has a pair of second yoke portions having
a bifurcated shape that extends from the flange toward
the ball yoke in the axial direction,

a nut seating surface is formed around the bolt insertion
hole of the flange, and

a second concave portion is provided at each second
yoke portion so that the nut seating surface is visible
from a front end side of the second yoke portion.

10. The propeller shaft as claimed in claim 9, wherein:

the flange is provided with four bolt insertion holes at a
predetermined pitch distance, and

the second concave portion is formed by a concave groove
that extends in the axial direction on both side surfaces
of the second yoke portion.

11. A yoke structure of a universal joint comprising:

a fixing portion fixed to a shaft part of a propeller shaft;

a mounting flange having a bolt insertion hole;

a securing member that secures the mounting flange;

a pair of bifurcated yoke portions extending from the fixing
portion in an axial direction; and

a bearing hole formed at each yoke portion and securing
therein a bearing that holds a cruciform shaft, and

each yoke portion being provided with a concave portion
that is shaped to suppress an interference of an outer

circumferential surface of a fastening tool that fastens a

nut and a bolt for securing the propeller shaft to a con-

necting member on a vehicle side with a side surface of
each yoke portion, the concave portion being formed on
each yoke portion, wherein

the concave portion has a shape that opens radially out-
ward from the propeller shaft,

a second yoke has a pair of second yoke portions having
a bifurcated shape that extends from the mounting
flange toward a first yoke in the axial direction,

a securing member seating surface corresponding to a
size of the securing member is formed around the bolt
insertion hole of the mounting flange, and

a second concave portion is provided at each second
yoke portion so that the securing member seating
surface is visible from a front end side of the second
yoke portion.

12. The yoke structure of the universal joint as claimed in

claim 11, wherein:

the fixing portion is formed by a cylinder portion, and

the concave portion is formed from a front end side of the
yoke portion to a substantially middle position in the
axial direction on an outer circumferential surface of the
cylinder portion.

13. The yoke structure of the universal joint as claimed in

claim 12, wherein:

the concave portion is formed so that a depth of the concave
portion gradually becomes deeper up to a predetermined
depth from a front end side of the yoke portion, and a rear
end portion of the concave portion is shaped into an
inclined surface having a reverse tapered shape.
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14. The yoke structure of the universal joint as claimed in
claim 13, wherein:
the inclined surface is a guiding portion when detaching the
fastening tool from the nut.
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